Studies of the effects of temperature and salinity on the survival of three enteric viruses (poliomyelitis type 1, echovirus-6, and coxsackievirus B-5) under controlled laboratory conditions and in situ indicate that temperature rather than salinity is the critical factor affecting their stability, in that the higher the temperature the more rapid was the loss of viral infectivity. In the laboratory studies, all three viruses were quite stable at 4°C, with infectious virus still detectable after 46 weeks of incubation. In situ studies on virus survival in freeflowing estuarine or marine waters showed that, although the viruses were more labile in natural waters than in the laboratory studies, they persisted for several months, in some cases during the winter months. At all temperatures and salinities, coxsackievirus B-5 was the most stable, echovirus-6 was intermediate, and poliovirus 1 was the least stable of the viruses tested.
There is growing concern over the discharge of human enteric viruses into not only fresh waters but also into estuarine and marine environments where they could present health hazards in areas that are used either for recreational purposes or from which shellfish are harvested for human consumption.
The enteroviruses are introduced into the sea by means of inflowing polluted rivers and by offshore sludge-dumping practices, and, in fact, human enteroviruses have been isolated from both marine (4) and estuarine (9) waters and from shellfish (6) (7) (8) 11) .
Although several studies on the stability of enteroviruses in seawater have been reported in recent years (results reviewed in 1, 2), the results presented are sometimes contradictory and probably reflect the complex nature of virus inactivation processes in natural waters. This study is concerned with determining the effect of salinity and temperature on the survival of selected enteroviruses under controlled laboratory conditions and in situ, i.e., when exposed to free-flowing marine and estuarine waters.
MATERIALS AND METHODS Viruses. Viruses from each of the three major enterovirus subgroups were used: poliovirus type 1 (Mahoney) , coxsackievirus B-5 (Faulkner), and echovirus-6 (D'Amori). Virus assays. Confluent BGM cultures were grown in Falcon tissue culture dishes (60 by 15 mm). Serial 10-fold dilutions of virus (0.1 ml of inoculum per dish, two dishes per dilution) were adsorbed to the monolayers for 1 h at 37°C, after which 3 ml of an overlay medium consisting of equal volumes of 2% agarose and a 2x concentration of EMEM was added. After solidification, the overlay was covered with 3 ml of EMEM containing 2% fetal calf serum, and the cultures were incubated at 37°C in an atmosphere of 5% CO, and 95% air. After 48 (poliovirus 1) or 72 h (coxsackievirus B-5 and echovirus-6) of incubation, 2 ml of full strength (40%) formalin was added to each dish and allowed to stand for 15 min. The agarose and formalin were then decanted from the flasks, and the remaining cell sheet was stained for 2 In situ studies. Figures 1 through 3 show the survival characteristics of the enteroviruses in free-flowing ocean water. The summer experiments were conducted between 1 July and 19 August 1975. During the test period the water salinity varied from 26 to 30 ppt, the temperature was in the range of 21 to 26°C, and the pH was in the range of 7.8 to 8.0. The winter experiments were conducted from 11 November 1975 to 30 January 1976. During this time the water characteristics were the same as above except the water temperature, which varied from 4 to 160C.
As in the laboratory studies, water temperature proved to be the important factor since the viruses were more labile during the summer months than during the winter months. Poliovirus 1 again proved to be the most labile virus tested in that all infectivity was lost by 27 days during the summer and by 65 days during the winter (Fig. 1) . Echovirus-6 survived slightly longer than poliovirus 1, i.e., 31 days in the summer and 70 days in the winter (Fig. 2) , although again the differences noted may not be significant. As in the laboratory studies, coxsackievirus B-5 proved to be the most stable one tested in that it took 7 weeks for its total inactivation in the summer, and only a 2-log drop in infectivity occurred over an 80-day period during the winter months (Fig. 3) . Figure 4 shows the survival characteristics of the three viruses in estuarine waters during the winter months (24 October 1975 through 17 February 1976). During this time period the water's salinity ranged from 8 to 10 ppt, the temperature range was 2 to 19°C, and the pH of the water was 7.6 to 7.8. The results obtained are similar to those from previous studies in that poliovirus 1 was detectable at 46 but not after 53 days of incubation (6.8-log drop), infectious echovirus-6 was noted at 88 days but not after 116 days (6-log drop), and coxsackievirus B-5 retained considerable infectivity (2.7-log DISCUSSION It is apparent from the controlled laboratory studies that enteric viruses survive for relatively long periods of time in estuarine and marine salinities when the water temperature is 15°C or lower. Of the three enteroviruses tested, coxsackievirus B-5 was the most stable, with echovirus-6 as intermediate and poliovirus 1 as the least stable. These results are probably representative of the diversity in instability one would encounter if all the 70+ human enteroviruses were studied. Clearly, the most important factor affecting virus viability was the temperature of the water, since in all cases the higher the incubation temperature, the more rapid was the virus inactivation. With the exception of poliovirus 1 incubated at 15°C in a salinity of 10 ppt, the salinity of the water seemed to have only minor effects on virus survival. At 25°C the viruses appeared to be slightly more stable in the low-salinity water, whereas at 4°C poliovirus 1 and coxsackievirus B-5 appeared to be more stable in the highsalinity water; however, the differences noted probably are not significant.
Results of the in situ studies indicated that the enteroviruses tested are more labile in natural waters than in the artificially prepared estuarine and marine waters. Natural processes of virus inactivation have been described by various investigators (2, 9, 10, 12), and some attribute the antiviral activity to the presence of specific marine bacteria (12). Attempts to isolate and characterize the virucidal substance(s) present in the Chesapeake Bay and ocean water are underway.
As in the controlled studies, the in situ studies also indicated that water temperature is the critical factor affecting virus survival in that viral infectivity titers dropped more rapidly during the summer months than during the winter months. Similarly, the relative stabilities of the agents studied were coxsackievirus B-5, echovirus-6, and poliovirus 1. The only consistent finding from the numerous studies on enterovirus survival in waters of all types is that there is a direct relationship between virus stability and water temperature, namely, the higher the temperature, the greater the rate of virus inactivation. The results of this study support that finding.
